Alterations in hepatocyte cytoskeleton caused by redox cycling and alkylating quinones.
Quinones may induce toxicity by a number of mechanisms, including alkylation and oxidative stress following redox cycling. The metabolism of quinones by isolated rat hepatocytes is associated with cytoskeletal alterations, plasma membrane blebbing, and subsequent cytotoxicity. The different mechanisms underlying the effects of alkylating (p-benzoquinone), redox cycling (2,3-dimethoxy-1,4-naphthoquinone), and mixed redox cycling/alkylating (2-methyl-1,4-naphthoquinone) quinones on hepatocyte cytoskeleton have been investigated in detail in this study. Analysis of the cytoskeletal fraction extracted from quinone-treated cells revealed a concentration-dependent increase in the amount of cytoskeletal protein and a concomitant loss of protein thiols, irrespective of the quinone employed. In the case of redox cycling quinones, these alterations were associated with an oxidation-dependent actin crosslinking (sensitive to the thiol reductant dithiothreitol). In contrast, with alkylating quinones an oxidation-independent cytoskeletal protein crosslinking (insensitive to thiol reductants) was observed. In addition to these changes, a dose-dependent increase in the relative abundance of F-actin was detected as a consequence of the metabolism of oxidizing quinones in hepatocytes. Addition of dithiothreitol solubilized a considerable amount of polypeptides from the cytoskeletal fraction isolated from hepatocytes exposed to redox cycling but not alkylating quinones. Our findings indicate that the hepatocyte cytoskeleton is an important target for the toxic effects of different quinones. However, the mechanisms underlying cytoskeletal damage differ depending on whether the quinone acts primarily by oxidative stress or alkylation.